Background: Factors and details regarding return to play in elite, collegiate female soccer athletes after an anterior cruciate ligament (ACL) injury and reconstruction have not been well studied.
athletes competing in similar sports. 10 Specifically, soccer represents one of the sports in which female athletes are at the highest risk for ACL injuries, with female soccer players experiencing ACL injuries at a rate of approximately 3 times that of their male counterparts. 1, 9, 18, 27, 30 For competitive athletes, return-to-play and return-topreinjury levels of performance are typically the main goals of surgery. Although outcomes of ACL surgery are well studied, factors influencing return to play in elite collegiate soccer players have not been thoroughly evaluated. Reports regarding return to play after ACL reconstruction show a wide range of values. A recent meta-analysis of return to play after ACL reconstruction reported returnto-play rates ranging from 22% to 100%. 8 Much of the variability in return-to-play rates may be because of a lack of standardization in the definition of ''return to play'' and the pooling of patients who participated in varying levels of competition before the injury. Limited research exists regarding sport-specific return-to-play rates among highlevel athletes, excluding those involved in athletics only at a recreational or leisure level. Among professional athletes in the National Football League, a return-to-play rate of 63% has been reported. 32 Similar return-to-play rates have been reported among soccer athletes at multiple skill levels (72%) 11 and high school (63%) and collegiate (69%) football players. 26 However, only 43% of players felt that they returned to football at the same level as they were before the injury. 26 These findings suggest that return-to-play rates may be dependent on the level of competition and sport being examined.
Recent literature has proposed that return to play after ACL reconstruction may be strongly influenced by psychological factors, such as ''not trusting the knee'' or ''fear of a near injury.'' 5, 7 It is likely that athletes competing at the highest levels of collegiate athletics will have greater access to resources to address these factors and enhance psychological readiness to return to sport, resulting in a higher return-to-play rate than may be observed at lower levels of athletics. Furthermore, athletes with strong sports networks from which they obtain their identity may be more likely to accept the risks associated with returning to play. 29 Additionally, those competing at the collegiate level may be predisposed to higher levels of commitment, willingness, and interest in returning to sport. These characteristics have previously been observed to be greater among those who ultimately return to sport after ACL reconstruction. 16 Finally, individual factors such as having multiple years of eligibility remaining and having an athletic scholarship may provide external motivation for returning to sport. These factors may combine to result in a higher than typical return-to-play rate among collegiate soccer players, particularly those on scholarship with multiple years of eligibility remaining.
The primary aim of this study was to determine the return-to-play rate after ACL reconstruction surgery among NCAA Southeastern Conference (SEC) female soccer athletes. Additionally, we examined the effect of athlete and surgical technique-related factors on return to play. It was anticipated that in this specific population, the returnto-play rate after ACL reconstruction would be within the upper end of ranges reported in previously published results and that it would be independent of graft type utilized or surgical technique employed but would be influenced by individual athlete characteristics and contextual factors such as year in school or scholarship status.
METHODS

Participants
Team physicians and athletic training staff at the 14 NCAA SEC institutions participating in women's soccer in 2012 were contacted to provide data in regard to female soccer athletes who had sustained an ACL injury over the previous 8 years. They were asked to provide information only for athletes who had completed eligibility or who were no longer participating in soccer at the institution where the athlete's ACL surgery was performed. Before study initiation, approval was received by the University of Kentucky Institutional Review Board (IRB). Per IRB regulations, any identifying information was removed from data upon receipt.
Data Collection
A standardized letter requesting participation in the study was sent via email to the women's soccer athletic training staff and head team physicians of SEC collegiate institutions. Instructions were provided regarding the nature and purpose of the study and that participation was strictly voluntary. A standardized spreadsheet with standardized response choices was included with the letter for the purpose of collecting athlete preinjury demographic information, technical and surgical variables, and postinjury return-to-play information. Athlete preinjury data requested included age, date of injury, year of eligibility, playing position, depth chart status, scholarship status, date of injury, previous ACL reconstructions, and participation in an ACL injury prevention program (see the Appendix, available online at http://ajsm.sagepub.com/supplemental). Technical and surgical data requested included date of surgery, ACL reconstruction technique, graft utilized, femoral and tibial graft fixation used, and concomitant surgical procedures performed.
Athlete postinjury data requested included ability to return to play, date of clearance to practice, date of unrestricted return to play, playing position, depth chart status, ability to play through eligibility, graduation status, and ability to play at some level after collegiate career, if known. Data were requested for any ACL injuries occurring between 2005 and 2012 for which the involved player was no longer an active member of the soccer team. Return to play was defined as the ability to return to collegiate soccer competition.
Statistical Analysis
All injury information from all participating institutions was compiled into a single spreadsheet for analysis using IBM SPSS Statistics (v 20; IBM Corp). Descriptive frequencies or medians and ranges were calculated for documented variables. x 2 tests for independence were used to compare the return-to-play rate by year in school, scholarship status, depth chart status, procedure, graft type, graft fixation, concomitant procedures, and previous ACL injuries. An a priori a level was set as P .05. For those variables with more than 2 categories, post hoc z tests were used to identify proportional differences between categories. To protect against multiple comparisons, z test results were only considered if x 2 test results were significant.
RESULTS
All 14 SEC institutions chose to participate and provided athlete data. No formal records were kept of who provided the requested information, but responders included both athletic trainers and team physicians. A total of 80 ACL injuries were reported, with 79 ACL reconstructions performed and return-to-play data available for 78 female soccer athletes. The median age of injured athletes was 19.3 years (range, 17-22 years). A history of ACL reconstruction on either knee was reported for 24 athletes. Overall, 85% (n = 66) of athletes returned to play after undergoing ACL reconstruction, and 73% of athletes played through their remaining collegiate eligibility, while 75% returned to the same or a higher position on the depth chart. Twenty-three athletes (32% of the 71 athletes for whom these data were reported) were reported to have continued soccer participation on some level (recreational, semiprofessional, or professional) after college. The median time for clearance to return to practice was 5.5 months (range, 3.8-12.7 months), and the median time for clearance to return to unrestricted game play was 6.1 months (range, 3.9-33.2 months). The frequency of ACL injuries and reconstructions decreased with increasing year of eligibility, with 31 ACL injuries in the first year, 20 in the second year, 19 in the third year, 9 in the fourth year, and 1 in the fifth year.
Athlete preinjury characteristics and return-to-play rates are summarized in Table 1 . The return-to-play rate varied significantly based on year of eligibility (P \ .001).
However, this significance may be influenced by the availability of the opportunity to return to play as 6 of the 10 injured athletes in years 4 and 5 were injured in October or later in the season and may have exhausted all collegiate eligibility. All 6 of these players were reported as having not returned to play. A significant difference in the return-toplay rate based on scholarship status was observed, with scholarship athletes demonstrating a higher return-to-play rate (P \ .001). The return-to-play rate did not differ based on player position, depth chart status, or utilization of a knee injury prevention program. The mean time to return to practice (5.6 6 1.5 vs 6.0 6 1.8 months, respectively; P = .874) or games (6.5 6 1.2 vs 7.8 6 4.6 months, respectively; P = .396) was not significantly different between those who did and did not return to play. No surgical factors were observed to have a significant effect on the return-to-play rate. Surgical and technical factors with regard to returnto-play rates are summarized in Table 2 .
DISCUSSION
The purpose of this study was to describe the return-toplay rate among high-level female soccer athletes and Six of the year 4 and 5 players were injured in October or later in the season, suggesting that they may not have had the opportunity to return to collegiate soccer. All 6 of these players were reported as having not returned to play. ACL, anterior cruciate ligament. identify what factors may influence return to play. Overall, a high return-to-play rate was observed among SEC female soccer players, with most able to return to the same depth chart position or higher after an injury. After surgical reconstruction, the majority of players were able to resume soccer at around the 6-month time point. Return-to-play rates were higher for players in their earlier years of eligibility (years 1-3) as well as scholarship athletes. Among this sample, return to play did not differ based on surgical factors such as graft selection, femoral tunnel drilling method, graft fixation, or concomitant knee procedures. These findings suggest that pre-existing personal factors regarding individual skill level and scholastic standing may be stronger determinants of return to play than surgical or other physical factors.
While the 85% return-to-play rate observed in the present investigation is consistent with other high-level soccer and football data, 12, 20, 36 this value is substantially higher than much of what has been reported in the literature for return to competitive sport. In a systematic review, Ardern et al 8 examined postoperative return-to-sport outcomes after ACL reconstruction for 5570 athletes from 48 studies with a mean follow-up of 41.5 months; this review reported that 82% of athletes returned to some kind of sport participation. However, among those athletes who returned, only 63% returned to their preinjury level of participation, and the overall rate of return to competitive sport, specifically, was only 44%. 8 These numbers suggest that in a general population, return-to-sport rates may be much lower than those observed among high-level athletes in which future income, scholarship status, and personal identity may be closely linked to sport participation.
Surgical factors influencing return to play have previously been proposed. 4, 16, 28 Anteromedial portal femoral tunnel drilling has previously demonstrated a higher return-to-play rate than transtibial drilling for return to soccer participation in male soccer players utilizing a patellar tendon autograft at 2-to 5-year follow-up, with 54% of those with anteromedial portal ACL reconstructions and only 24% of those with transtibial reconstructions returning to competitive soccer. 4 In the present series, there was no difference in return-to-play rates between players undergoing the transtibial technique (86%) or the accessory anteromedial tunnel technique (79%), with both groups demonstrating much higher return-to-play rates than those previously reported. In the previous study, all transtibial procedures were performed in 2004 or before, while anteromedial procedures were performed between 2004 and 2006 because of concerns over anatomic alignment of the transtibial procedure. 4 Therefore, it is difficult to separate the effect of changes in the surgical technique from advances in surgeon experience and rehabilitation practices. In the present study, there were no apparent associations between year of reconstruction and tunnel drilling technique. The differences in the return-to-play rate observed between studies may be caused by differences in the level of the soccer athlete being included (''active male soccer players'' aged 16-35 years vs NCAA Division I female soccer players). 4 Additionally, results regarding effects of the surgical technique on return to play from this study should be interpreted with caution. Given the variety of surgical techniques used, there is limited statistical power to identify return-to-play differences, and therefore, these numbers should largely be considered simply descriptive and not definitive findings. In the current series, no differences in return-to-play rates were observed between the 2 most commonly used grafts: patellar tendon autograft and hamstring autograft. There was no statistically significant difference observed between autografts or allografts as a whole. These findings are consistent with those of other investigations, which have failed to demonstrate an effect for graft choice on return to play. { Notably, a Cochrane review of randomized and quasi-randomized controlled trials with a minimum 2-year follow-up has shown no difference in return to activity between a patellar tendon autograft and hamstring autograft. 28 In contrast, a recent report regarding return to play among NCAA Division I football players observed a higher return-to-play rate among athletes undergoing reconstruction with an autograft compared with those receiving an allograft. 12 Although there appears to be a similar trend in this sample of Division I soccer players, the relatively small sample of patients with allografts (n = 8) limits these values from achieving statistical significance.
Differences in return-to-play rates were observed for scholarship status. This result, suggesting that nonsurgical factors may largely influence return-to-play rates, is similar to that observed for Division I football players among whom differences in return to play were observed based on year in school, scholarship status, and depth chart status. 12 These results demonstrate the important role that psychosocial factors may play in an athlete choosing to return to play. Numerous psychosocial factors, unrelated to physical impairment, have been identified as contributing to the success or failure of an athlete returning to sport. These factors may include changes in lifestyle, occupational demands, loss of motivation or interest, perception of self-efficacy, change in competition level, patient age, individual talent, or fear of reinjury. 6, 12, 13, 15, 16, 23, 26, 35 In the present study, those athletes without a scholarship or nearing or at the end of their collegiate careers were less likely to return to sport. In these patients, internal and external pressures and priorities, along with the environmental factor of limited eligibility, may have been insufficient to overcome those psychosocial factors associated with not returning to sport, regardless of their physical outcomes after ACL reconstruction.
In the present study, whether year in school influences return to play or simply the reporting of return-to-play data is unclear. All 6 athletes who were reported to have not returned to play after an ACL injury in year 4 or 5 of eligibility underwent ACL reconstruction on November 13th or later, and none were reported to have utilized a redshirt for the injured season. This timing suggests that these players may have postponed surgery until the conclusion of the soccer season and, as a result, may not have been eligible to return to play at the collegiate level (as evidenced by the fact that all were reported to have played through their eligibility). In contrast, among the 4 athletes who were reported to have returned to play, 3 were reported to have utilized a redshirt. Furthermore, while only 40% of year 4 or 5 players were reported to return to play based on data-reporting sheets, 60% were reported to have participated in either recreational or semiprofessional soccer after graduation. These results suggest that even in this subsample of patients, returnto-play rates for some level of soccer activity may remain relatively high after ACL reconstruction.
The ability of soccer players to continue playing soccer at an elite level long term after an ACL injury is not clear. Among this sample, participation status after college was reported for 71 players, of whom 23 (32%) were reported to have continued playing soccer after college. With a longer term follow-up of 7 years, an investigation of 97 Swedish league female soccer players with an ACL injury showed that just 12% were still involved in competitive soccer at a lower level. However, among this sample, only 50 underwent surgical reconstruction. Regardless of the treatment strategy, none of the elite players continued at the same level at 7-year follow-up. 31 In another study of strictly league-level female Swedish soccer players with 84 respondents, more than 50% were unable to return to competitive soccer, and at 12 years, just 8% still participated in organized soccer. 24 Again, a number of these athletes underwent nonoperative treatment, with only 62% of this group having undergone ACL reconstructive surgery at a mean of 3 years after the injury. 24 Long-term return-to-play rates after ACL injuries are difficult to evaluate based on geographical differences in treatment strategies, poor documentation of comparison groups, and limited control of other confounding factors, such as patient age, skill level, access to participation opportunities, and other life factors. Despite these challenges, it appears that initial return-to-play rates may be high but consistently decline with advancing time after surgery. Future research should examine what, if any, surgical or individual factors may place athletes at risk for early retirement from physical activity, despite an initially successful return to play.
Limitations
The strengths of the current study include that it investigates return to play after ACL reconstruction in a large homogeneous group of elite female soccer athletes over the course of several seasons in one collegiate athletic conference with all member institutions participating. Although this is a large series investigating elite female athletes undergoing ACL reconstruction, it is still a small population with decreased statistical power for subanalyses, particularly for the heterogeneous categories related to the surgical procedure, and therefore, these findings should only be considered descriptive and not definitive. Other weaknesses include the lack of stratification of reasons explaining the inability to return to play such as physical, scholastic, or psychological factors as well as the lack of uniform criteria for return to play. A soccer-specific return-to-sport definition has been suggested for Major League Soccer. 14 to play, likewise absent in the present study, could potentially be useful in identifying factors both protective and detrimental for return to play and could be a focus of future research. Additionally, the retrospective, cross-sectional nature of this study does not allow for any assessment of long-term ability to play at an elite level or the ability to standardize factors such as postoperative evaluations, rehabilitation protocols, or patient characteristics (body mass index, fitness level, etc). We encourage these factors to be considered in future prospective studies examining return to play. Finally, because of an oversight in the development of the data collection sheet, we failed to have responders clarify which knee, involved or uninvolved, had previously undergone ACL reconstruction.
CONCLUSION
High-level, collegiate female soccer players have a high initial return-to-play rate (85%) after ACL reconstruction. No statistically significant differences in return-to-play rates were observed based on surgical factors or concomitant knee injuries. However, return-to-play rates did vary based on scholastic variables pertinent to the athlete such as year of eligibility and scholarship status. Further investigation and identification of factors that can have a significant effect on the ability to return to athletics at the same level are important to improve care of the ACLinjured athlete.
